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NOTATION 


R 

V- 

V 

VR(X,0)  VR 

Vr(k) 

M  =  mass;  L  =  length;  T  =  time. 


Propeller  radius 

L 

Ship  displacement  volume 

L3 

Ship  or  model  velocity 
(free  stream) 

L/T 

Radial  component  of  fluid 
velocity  at  a  given  point 

L/T 

Circumferential  average 
radial  velocity  component 

L/T 

ix 
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Conventional 

Symbol 

VR(x,0)/V 

VR(x)/V 

vT(x,e) 
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Vx(x,i) 
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Z 


Symbol  Used  on 
Computer  Plots 
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VR/V 


Radial  velocity  ratio 


Units 
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Average  radial  velocity  ratio 


VT  Tangential  component  of  the  L/T 

fluid  velocity  at  a  given 
point 

Circumferential  average  L/T 
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component 

VT/V  Tangential  velocity  ratio 


VTBAR 


Average  tangential  velocity  ratio  - 


AMPLITUDE 


VX 


VX/V 

VXBAR 

AMPLITUDE 


Amplitc.de  (B^  for  single¬ 
screw  symmetric;  C^  otherwise) 
cf  harmonic  of1  tangential 
velocity  component  ratio 

Longitudinal  component  of  L/T 

fluid  velocity  at  a  given 
point  (parallel  to  propeller 
axis) 

Circumferential  average  L/D 

velocity  component 

Axial  velocity  ratio 
Average  axial  velocity  ratio 

Amplitude  (A^  for  single¬ 
screw  symmetric;  Cx  otherwise) 
of  N*^1  harmonic  of  longitudinal 
velocity  component  ratio 

=V  (x.'.i)-V  (x,v)Lan.-  (x,  ’)  L/T 

longitudinal  velocity  component 
corrected  for  tangential 
veloc ity 

Number  of  propeller  blades 
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Symbol 
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Symbol  Used  on 
Computer  Plots 
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PHASE  ANGLE 


Phase  angle  of 
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Volumetric  mean  velocity  ratio 
corrected  for  tangential  velocity 
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(Vx  (x)/V)xdx 
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<t/R)2-(rhub/R>2 


where  V  (x)/V  = 
X 

C 


f27T 

r  vx  (x,e)i 

C 

2ttV 

o 

l-WVX  Volumetric  mean  velocity  ratio 

without  tangential  velocity 
correction 


1-w, 


VX 


rf  R 

(V(x)/V)xdx 

rhub/R 


(r/R)2  -  (rhub/R)2 


Advance  angle  for  a  given  point 
in  flow 

BBAR  Circumferential  average  advance 

angle 

BPOS  Variation  of  maximum  advance 

angle  from  the  mean  value 
(see  sketch) 

BNEG  Variation  of  the  minimum  advance 

angle  from  the  mean  value  (see 
sketch) 
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xi 


Conventional 

Symbol 

0 
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Computer  Plots 

ANGLE 


Definition 
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ABSTRACT 


Wake  survey  measurements  of  the  nominal  wake  behind 
the  AO-177  hull  have  been  obtained  from  model  experiments 
and  are  presented  for  cases  involving  trim  variations  and 
a  slight  change  in  displacement.  Extensive  tables  and 
plots  of  the  basic  wake  data  display  the  three  velocity 
component  distributions,  summaries  of  useful  averaged  wake 
quantities,  and  distributions  of  wake  harmonics.  Radial 
distributions  of  a  wake  steepness  parameter  are  compared 
ior  the  various  trim  conditions,  and  it  appears  that  any 
difficulties  produced  by  the  ship  wake  are  not  introduced 
by  the  expected  changes  in  trim. 


ADMINISTRATIVE  INFORMATION 

This  work  was  funded  under  Navai  Sea  Systems  Command  (NAVSEA)  Work  Request 
Number  OH738,  Ship  Performance  Department  Work  Unit  Number  1532-100. 


INTRODUCTION 


The  AO-177  Class  Naval  Auxiliary  Oiler 

is  a  single-screw. 

finely-shaped  oil 

tanker  equipped  with  a  seven-bladed ,  45-degree  skewed  propeller 

operating  behind 

conventional  Clearwater  stern  arrangement. 

Some  of  its  principal  particulars  are 

given  below. 

Particulars  of 

the  AO-177 

U.S.  Customary 

S.I. 

Waterline  Length, 

560.5  ft 

170.8  m 

Beam 

88  ft 

26.8  m 

Mean  Draft  (Design) 

32.5  ft 

9.9  m 

Mean  Draft  (Trial) 

31.5  ft 

9.6  m 

Displacement  (Design) 

27,380  Tons 

27,820  tonnes 

Displacement  (Trial) 

26,390  Tons 

26,810  tonnes 

Propeller  Diameter,  D 

21  ft 

6.4  m 

Vertical  Tip  Clearance,  ag 

6.12  ft 

1.865  m 

Horizontal  Tip  Clearance,  a 

11.4  ft 

3.48  m 

L 

Full  Power  Speed,  V 

21.5  knots 

1 


Particulars  of  the  AO-177  (Continued) 


Form  Coefficients  Based  on  L,„  : 

WL 

Cu  =  0.605 

D 

Cp  =  U.62 

C  =  0.975 

■V-/L3.,  =  5.24  x  10_i 

WL 

On  Builders  Trials  conducted  in  July  1980  witli  the  first  of  the  Class  AO-17', 
there  were  experienced  serious  levels  of  airborne  noise,  traces  et  propeller  bludt 
cavitation  erosion  with  bent  trailing  edge,  and  some  unpleasant  localized  slructur 
vihration  levels.  It  is  likely  that  all  these  problems  can  he  traced  in  one  va\  e 
another  to  the  characteristics  of  fluctuating  cavities  that  appear  near  the  prop*  1 
blade  tips  as  each  blade  passes  through  the  large  wake  shadow  behind  the  hull 
centered  about  the  12  o'clock  position  of  the  propeller  disc.  Ihe  details  of  thi 
wake  are  important  to  understanding  the  sources  <>t  an.  propel  1  er-exc  it  ed  ditfio.it 
As  best  as  can  be  determined,  the  initial  trial  was  run  in  a  bow-dowin  trim 
condition  that  differed  somewhat  from  the  design  ouulit  ion.  it  could  not  In 
estimated  with  assurance  |u.st  what  the  e!  lots  oi  trim  were  on  the  wake  distribu¬ 
tion  o|  this  ship,  so  tile  experiments  described  in  this  repot t  ware  periormed  to 
establish  what  changes  were  introduced  h  .  operation  at  tin  «.  ■  t  i  :n.«  t  ed  trim  ol  the 
trial,  and  .list)  to  establish  anv  trend-  prodie  ed  I.  i  a.  as  >  •  >  t  i  . -::i»  down  i 

t  ion  . 

The  estimated  trial  displacement  ol  26,J90  ion-  ( team  s )  is  an., 
percent  of  the  original  full  load  design  value.  Kelut  iv<  ch.ing.es  at  st.il  i,  lit', 
away  from  the  design  condition,  can  be  defined  in  terms  a)  an  angle  based  on  ! 
length  oetween  perpendiculars  and  the  difference  in  trim. 

Trim  Condition  Chain',  in  'rim  \in  >• 

Design  1.5  ft (0.457  ml  x  Stern 

Trial  (Estimated)  1.0  (1(0.105  in)  x  Bow  o.ji,  de( 


Extreme  Trim  Case 


1.5  I  t  (  I  .  06  7  in )  x  Bow 


i.  >:  a. a 


PROCEDURE 


Wake  survey  experiments  were  conducted  in  the  deep  water  basin  of  Carriage  2 
using  David  W.  Taylor  Naval  Ship  Research  and  Development  Center  (DTNSRDC)  Model 
5326  which  represents  the  AO-177  hull  with  a  linear  scale  ratio  of  A  =  25.682.  The 
model  was  run  with  the  bilge  keels  attached,  but  vith  the  rudder  removed  to 
accommodate  the  wake  survey  probe. 

The  three  velocity  components  ot  the  wake  velocity  were  obtained  with  DTNSRDC 
pitot  tube  rake  Number  8  connected  to  a  bank  of  differential  pressure  transducers. 
This  rake  consists  of  five,  5-hole  spherically-headed  pitot  tubes  mounted  on  a  foil 
shaped  housing.  The  tips  of  the  pitot  tubes  were  located  at  a  nominal  propeller 
plane  taken  as  4.62  ft  (1.408  m)  aft  of  Station  19.5  full-scale,  corresponding  to 

the  location  of  the  plane  of  the  original  wake  survey  reported  by  Renuuers  and 

1* 

hendrican.  As  indicated  in  Figure  1,  the  experimental  wake  plane  if-  1.12  ft 
(0.1414  ir)  aft  full-scale  of  the  propeller  reference  plane,  and  happens  to  pass 
through  the  leading  edge  of  the  propeller  swept  outline  at  a  radius  of  about  0.75R. 
Some  details  of  the  propeller  geometry  for  DTNSRDC  Propeller  Number  4677  are  given 
by  Hendrican  and  Remmers^  and  Valentine  and  Chase. ^ 

The  radial  locations  of  the  pitot  tubes  are  of  course  fixed  on  the  model 
apparatus,  and  are  expressed  nondimens ional 1 v  as  radius  ratios  r/R,  given  for  full- 
scale  propeller  diameters  of  21  tt  (6.4  ra)  and  23  It  (7.01  m)  in  the  following 
table . 


Tube  1 
Tube  2 
Tube  1 
Tube  4 
Tube  5 


Radius  Ratios,  r/R 


D~2 1  ft  (6.4  m) 
0.359 
0.556 
0.774 
1  .017 
1.178 


D-23  ft  (7.01  m) 
0.328 
0.508 
0.707 
0.929 
1  .076 


The  radius  ratios  for  the  21  ft  (7.01  m)  diameter  arc  useful  for  -ertain 
comparisons  that  overlap  with  the  original  AO  wake  survey  results  of  Reference  1. 


* 

References  are  listed  on  Page  9. 


However,  the  final  design  propeller  installed  on  the  ship  has  a  diameter  of  21  ft 

(6.4  m) ,  and  all  the  new  wake  data  have  been  analyzed  on  that  basis.  The  radial 

positions  of  the  pitot  tube  locations  and  relative  position  of  the  21  ft  (6.4  m) 

propeller  disc  with  respect  to  the  afterbody  hull  sections  are  shown  in  Figure  2. 

Certain  other  definitions  and  conventions  are  also  presented  in  Figure  2.  When 

viewed  looking  forward,  the  angle  0  is  measured  positive  counterclockwise,  with  zero 

at  12  o'clock.  The  tangential  and  radial  velocity  components,  V  and  V  respectively, 

1  R 

are  taken  as  shown  in  Figure  2  to  agree  with  the  convention  described  by  Hadler  and 
4 

Cheng . 

The  shape  of  the  pitot  tube  rake  is  such  that  the  trim  of  the  model  could  be 
altered  by  forces  generated  on  the  rake  in  various  angular  positions.  In  order  to 
maintain  the  natural  trim  the  same  throughout  each  survey,  the  model  was  first  towed 
free  to  trim  with  the  rake  in  the  zero  degree  position  for  each  experimental 
condition  at  a  speed  corresponding  to  the  ship  speed  of  20  knots.  The  model  was 
then  locked  in  trim  for  that  particular  experiment. 

Five  wake  survey  experiments  reported  on  here  correspond  to  a  ship  speed  of 
20  knots  and  the  following  ship  conditions  of  displacmeent  and  trim. 

_  Experiment  Displacement  Trim 

In  to  1 


No  . 

(Tons) 

(tonnes) 

(ft) 

(m) 

May 

1974 

21 

27,380 

27,820 

1.5 

0.457 

X 

Stern 

Aug 

I  98(1 

1 

i. 

27,380 

27,820 

1.5 

0.457 

X 

Stern 

Aug 

1980 

2 

26,390 

26,810 

1.5 

0.457 

X 

Stern 

Aug 

1980 

3 

26,390 

26,810 

1  .0 

0.305 

X 

Bow 

Aug 

1980 

4 

26,390 

26,810 

3.5 

1 .067 

X 

Bow 

The  new  data  presented  in  this  report  are  for  the  latter  four  cases  (Experiments  1 
through  4) . 

The  model  basin  water  temperature  was  constant  throughout  the  lest  period  at 
74  deg  Fahrenheit  (23  deg  Celsius). 

RESULTS  AND  DISCUSSION 

Results  of  the  individual  wake  experiments  are  presented  in  both  graphical  and 
tabul.ir  form  in  Appendices  A  through  D  for  the  results  of  Experiments  1  through  4, 
respectively.  In  each  appeidix,  the  plotted  data  for  the  three  velocity  component 
ratios  are  given  in  the  first  five  figures.  Two  additional  figures  in  each 
appendix  show  the  radial  distributions  of  the  mean  velocity  component  ratios  and  the 


4 


advance  angles.  Five  of  the  tables  of  each  appendix  present  summary  information  on 
the  several  averaged  velocity  component  ratios,  advance  angles,  and  the  results  of 
harmonic  analysis  for  the  longitudinal  and  tangential  velocity  components.  The 
final  table  in  each  appendix  presents  the  measured  data  for  the  three  velocity 
component  ratios  at  the  experimental  radius  ratios.  All  the  interpolated  results 
in  the  appendices  have  been  based  on  propeller  diameter  D=21  ft  (6.4  m) . 

To  confirm  and  also  to  establish  a  basis  on  which  to  correlate  the  wake  survey 
data.  Experiment  1  (August  1980)  of  the  present  series  was  performed  with  the  same 
condition  as  Experiment  21  (May  1974)  reported  in  Reference  1.  A  comparison  between 
some  results  of  these  two  experiments  at  a  condition  representing  a  full-scale 
displacement  of  27,380  Tons  (27,820  tonnes)  and  1.5  ft  (0.457  m)  trim  by  the 
stern  is  given  in  Table  1  on  the  basis  of  propeller  diameter  D=23  ft  (7.01  m)  .  The 
repeatability  of  magnitudes  of  the  various  averaged  wake  quantities  in  the  outer 
half  of  the  propeller  disc  ranges  from  1  to  3  percent  for  V  /V  and  0.2  to  2  percent 

A 

for  1-w^.  At  the  innermost  measurement  radius,  the  repeatability  degrades  to  plus 
or  minus  6  to  8  percent  for  those  same  quantities. 

The  effects  of  trim  may  be  displayed  in  several  ways.  Table  2  summarizes  the 
averaged  velocity  ratios  and  other  derived  wake  characteristics  for  the  results  of 

Experiments  2,  3,  and  4  pertaining  to  a  full-scale  displacement  of  26,390  Ions 

(26,810  tonnes).  Plotted  data  for  the  detailed  trim  comparison  of  the  three 

velocity  component  ratios  versus  the  position  angle  '•  are  given  in  Figures  3  through 

7.  Figure  8  is  a  composite  graph  of  the  radial  distributions  of  the  several 
averaged  velocity  component  ratios.  Figure  9  shows  comparisons  of  the  radial 
distributions  of  the  advance  angles. 

in  general,  it  appears  that  the  influence  of  t r im-by-the-bow  is  to  deepen  the 
wake  shadow  very  slightly,  noticeable  only  at  tile  inner  radii.  That  is,  the  V  /V 
ratios  near  the  12  o'clock  position  in  the  wake  field  are  decreased  sy sternal ieal 1 v 
as  the  trim  is  changed  from  1.5  ft  (0.457  m)  by  the  stern  to  1.5  ft  (1.0A7  m)  bv 
the  bow.  At  the  middle  and  outer  radii  (r/R  =  0.774  and  outward)  the  velocity 
patterns  for  V  /V  at  the  different  trims  become  indistinguishable.  These  trends  are 

A 

reflected  in  the  slight  decreases  in  the  circumferential  average  velocity  ratio 
V  /V  and  the  volumetric  mean  velocity  ratio  1 -w  with  increasing  t r im-hv-t lie-bow . 

A  A 

The  effect  on  tile  magnitudes  of  both  V  /V  and  1-w  ranges  I  roni  about  7  to  H  percent 

A  A 

decrease  at  the  innermost  radius  to  about  2  percent  decrease  it  the  outermost  radii. 


r 


In  Figure  9,  the  effect  of  trim  on  mean  angle  of  advance  3  is  negligible  even 
at  the  inner  radius  ratios.  The  variations  of  minimum  and  maximum  advance  angles 
from  the  mean,  -AS  and  +AS,  indicate  that  increasing  trim-by-the-bow  tends  to 
exaggerate  slightly  the  deviations  of  advance  angle  on  the  negative  side.  Qualita¬ 
tively,  this  indicates  that  increasing  bow  down  trim  produces  slight  increases  in 
the  mean  foil  section  angles  of  attack,  so  that  suction  side  cavitation  would  be 
slightly  exaggerated  as  well.  Quantitatively,  the  effect  is  very  small,  and  is 
confined  to  the  inner  radii  of  the  propeller  disc. 

It  is  interesting  co  try  to  discern  any  effect  of  trim  on  the  wake  harmonics. 
Figures  10  and  11  contain  a  series  of  composite  plots  for  the  harmonics  N=1  through 
8,  allowing  the  radial  distributions  of  harmonic  amplitudes  for  the  longitudinal 
velocity  component  Vv/V.  Figures  12  and  13  contain  the  same  series  of  comparisons 

A 

for  tlie  tangential  veLocity  component  V^/V.  This  presentation  is  useful  for 
displaying  the  harmonic  amplitude  as  well  as  the  location  of  changes  of  phase  angle 
(where  the  amplitude  curve  crosses  zero).  From  these  graphs,  the  measurable 
influence  of  trim  on  the  harmonic  amplitudes  is  only  slight,  and  confined  to  the 
lower  harmonic  orders. 

For  the  case  of  the  longitudinal  velocity  component  harmonics  (Figures  10  and 
LI),  there  is  a  slight  increase  in  the  magnitude  of  the  harmonic  amplitude  with 
increasing  bow-down  trim,  at  the  inner  radii  (r/R  •  0.6)  for  the  orders  N=1  and  2. 
This  is  reversed  for  N=J,  and  appears  mixed  for  the  higher  orders.  This  is  con¬ 
sistent  with  the  slight  deepening  of  the  V  /V  velocity  defect  at  the  inner  radii 

A 

that  was  noted  previously. 

For  the  case  of  the  tangential  velocity  component  harmonics  (Figures  12  and 
Li),  the  effect  of  increasing  bow-down  trim  is  to  reduce  the  harmonic  amplitude  at 
the  inner  radii  for  N=1 .  The  higher  harmonic  orders  show  no  particular  effect  of 
trim. 

In  general  terms,  the  wake  of  the  AO-L77  has  a  definite  spike-like  character, 
with  a  deep  velocity  defect  and  rather  steep  velocity  gradients  centered  about  the 
12  o'clock  position.  These  are  prominent  features  evident  in  Figure  14  which 
is  an  Iso-wake  contour  plot  corresponding  to  the  trial  condition  of  26,390 
Tons  (26,810  tonnes)  displacement  and  1  ft  (0.305  m)  trim  hv  the  how.  One  measure 
ot  the  relative  steepness  of  such  a  wake  has  been  suggested  by  Odabasi  and 
Fitzsimmons,"*  who  have  defined  a  parameter  describing  the  ioia!  wake  gradient  per 
unit  axial  velocity  .it  a  given  radius. 
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dw/d6 
1  — w 


%  =  r/R 


where  the  local  circumferential  wake  slope  is  dw/dO,  0  is  in  radians,  and  w  is 
the  local  wake. 

It  has  been  proposed  in  Reference  5,  as  part  of  a  complete  wake  criterion  for 
avoiding  problems  with  cavitation-induced  pressure  fluctuations,  that  the  wake 
gradient  parameter  should  satisfy 


cw  '  1'° 


inside  the  angular  interval  0  0  to  either  side  of  the  12  o'clock  position),  and 

B  B 

for  radii  ranging  from  0.7R  to  1.15R.  The  angular  interval  0  in  degrees  depends  on 

B 

the  number  of  propeller  blades 


e 


B 


360 

Z 


+  10 


so  for  the  seven-bladed  AO  propeller,  0o  =  61.4  degrees.  This  criterion  is 
supposed  to  be  based  in  part  on  wake  data  from  model  experiments  of  ships  with 
known  propeller-excited  vibration  problems.  The  complete  wake  assessment  scheme  of 
Reference  5  has  become  known  as  the  British  Ship  Research  Association  (BSRA)  wake 
quality  criterion,  and  although  it  has  been  widely  quoted,  there  is  as  yet 
relatively  little  published  evidence  on  how  well  it  works.  Only  the  wake  gradient 
part  of  it  is  conisdered  here,  and  is  used  only  to  indicate  the  relative  effects  of 
trim. 

Figure  15  is  a  composite  plot  of  the  radial  distribution  of  the  wake  gradient 
parameter  G^  for  the  AO-177,  showing  the  effects  of  trim  changes  compared  with, 
the  original  design  case  of  displacement  and  trim.  The  values  are  shown  along 
the  ray  9  =  30°  which  is  near  the  edge  of  the  recommended  angular  interval  V-i  , 
and  passes  through  the  characteristic  wake  slope  feature  of  the  prominent  hull 
wake  shadow.  On  the  basis  of  the  gradient  parameter,  it  appears  that  the  wake  of 
this  ship  is  quite  steep.  The  exceeds  1.0  everwhere  in  the  interval  0.7R  •  r 

_<  1.15  R.  It  is  fair  to  state  that  this  constitutes  a  single  indicator  of  a 
possibly  troublesome  wake,  but  without  firmer  connection  between  wake  steepness  and 
fluctuating  propeller-induced  pressures  and  resulting  hull  vibration  or  airborne 
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noise  problems,  a  general  conclusion  is  premature.  What  is  useful  to  the  present 
discussion  is  to  note  that  trim  seems  to  exert  a  relatively  minor  effect  on  this 
steepness  tendency  in  the  crucial  outer  radius  region.  It  appears  that  bow-down 
trim  variation  in  the  range  considered  should  not  introduce  any  substantially  worse 
wake  characteristics  than  exist  already  with  the  wake  produced  in  the  original  trim 
condition.  It  should  be  noted  that  at  the  time  of  the  original  AO-177  wake 
experiments,  wake  quality  assessment  schemes  were  not  available  for  making 
preliminary  judgments  on  the  possibility  of  problems  with  the  interaction  of  steep 
wakes  and  propeller-induced  fluctuating  pressures. 

CONCLUSIONS 

1.  Extensive  wakedata  are  made  available  for  future  investigations  of  the 
AO-177  propeller-wake  interaction  problems. 

2.  There  are  noticeable,  consistent,  but  small  changes  in  the  velocity  patterns 
and  harmonic  amplitudes  of  the  wake  of  the  AO  due  to  trim-by-t  lie-bow.  The  effects 
are  discernible  mainly  at  the  inner  radii  (typically  r/R  <  0.6)  and  are  confined  to 
the  region  centered  about  the  12  o'clock  position  in  the  wake.  The  changes  due  to 
the  maximum  trim  excursion  of  0.52  deg  are  only  slightly  larger  than  the  typical 
repeatability  bounds  for  a  wake  survey.  The  effect  of  a  trim  change  of  0.26  deg 
appears  to  be  within  the  error  bounds  inherent  in  a  wake  survey  experiment. 

3.  Radial  distributions  of  the  wake  gradient  parameter  C  >  1.0  for  this  wake 

W 

shows  that  difficulties  from  unsteady  cavitation  pressure  pulses  may  be  expected. 

The  effect  on  G  of  the  trim  change  of  0.26  deg  is  small,  and  would  not  lie  expected 
W 

to  produce  new  or  different  problems  with  the  wake. 
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DISPLACEMENT  =  26,390  TONS  (26,810  tonnes) 
D  =  21  ft  (6. A  m) 
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ANT!  t  ' N  DhORtr.S 

O  EXPERIMENT  2  TRIMMED  1.5  ft  (0.457  m)  x  STERN 

D  EXPERIMENT  3  TRIMMED  1.0  ft  (0.305  m)  x  BOW 

a  EXPERIMENT  4  TRIMMED  3.5  ft  (1.067  m)  x  BOW 

Figure  4  -  CIRCUMFERENTIAL  DISRTIBUTION  OF  THE  LONGITUDINAL,  TANGENTIAL  AND 
RADIAL  VELOCITY  COMPONENT  RATIOS  -  RADIUS  RATIO  =  0.556 
COMPOSITE  OF  EXPERIMENTS  2,  3,  AND  4 


VT/V  VX, 


20  c  20  4 c  oc  ec  too  i2o  '40  ’oo  ier  20c  220  240  26c  2cc  icc  .-.2C  ?«c  ;rc  ?ec 


flNOl.t  IN  DEGREE'S 

O  EXPERIMENT  2  TRIMMED  1.5  ft  (0.457  in)  x  STERN 

Q  EXPERIMENT  3  TRIMMED  1.0  ft  (0.305  m)  x  BOW 

a  EXPERIMENT  4  TRIMMED  3.5  ft  (1.067  m)  x  BOW 

Figure  5  -  CIRCUMFERENTIAL  STRIBUTION  OF  THE  LONGITUDINAL,  TANGENTIAL  AND 
RADIAL  VELOt  COMPONENT  RATIOS  -  RADIUS  RATIO  =  0.774 
COMPOSITE  OF  EXPERIMENTS  2,  3,  AND  4 
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Figure  6  -  CIRCUMFERENTIAL  DISTRIBUTION  OF  THE  LONGITUDINAL,  TANGENTIAL  AND 
RADIAL  VELOCITY  COMPONENT  RATIOS  -  RADIUS  RATIO  =  1.017 
COMPOSITE  OF  EXPERIMENTS  2,  3,  AND  4 
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PNC'!  l  IN  Dtr-RttS 


O  EXPERIMENT  2 
□  EXPERIMENT  3 
a  EXPERIMENT  4 


TRIMMED  1.5  ft 
TRIMMED  1.0  ft 
TRIMMED  3.5  ft 


(0.457  m)  x  STERN 
(0.305  m)  x  BOW 
(1.067  m)  x  BOW 


Figure  7  -  CIRCUMFERENTIAL  DISTRIBUTION  OF  THE  LONGITUDINAL,  TANGENTIAL  AND 
RADIAL  VELOCITY  COMPONENT  RATIOS  -  RADIUS  RATIO  =1.178 
COMPOSITE  OF  EXPERIMENTS  2,  3,  AND  4 
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9  -  RADIAL  DISTRIBUTION  OF  THE  MEAN  ADVANCE  ANGLE  AND  THE  MAXIMUM 
VARIATIONS  OF  THE  ADVANCE  ANGLE  FOR  MODEL  5326 
COMPOSITE  OF  EXPERIMENTS  2,  3,  AND  4 
DISPLACEMENT  26,390  TONS  (26,810  tonnes) 


1.5  ft  (0.457  .)  x  Stern 
1.5  ft(0.457  m)  x  Stern 
1.0  ft(0. 305  m)  x  Bow 


Exp.  No.  1  - O— 
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D  =  21  f  L  (  6 .  A  m) 


Figure  11  -  RADI AI.  DISTRIBUTIONS  OF  THE  HARMONIC  AMPI.ITI'DES  (Y  /V),,  OF  TEE 
TANCF.NT1AI.  VEl.OCITi'  COMPONENT,  FOR  N  =  r>  THROUGH  8 


-I 


26,390  Tons  (26,810  tonnes)  DISPLACEMENT 
1.0  ft  (0.305  in)  TRIM  BY  THE  BOW 


RADI ENT  PARAMETER 


Table  1  COMPARISON  OF  THE  MEAN  VELOCITY  COMPONENT  RATIOS  AND  OTHER  DERIVED 

QUANTITIES  FOR  EXPERIMENT  21  (MAY  1974)  AND  EXPERIMENT  1  (AUC.  1980) 
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Table  2  -  COMPARISON  OF  THE  MEAN  VELOCITY  COMPONENT  RATIOS  AND  OTHER  DERIVED  QUANTITIES 
FOR  EXPERIMENTS  2,3,  AND  4,  DISPLACEMENT  26,390  TONS  (26,810  tonnes) 
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APPENDIX  A 

RESULTS  OF  EXPERIMENT  1 

Corresponding  to 

Trim  1.5  ft  (0.457  m)  by  the  Stern 
Displacement  27,380  Tons  (27,830  tonnes) 


V  R / V  VT/V  VX/ 


•20  0  20  40  60  80  100  '.20  140  !  60  180  200  220  240  260  280  -00  320  340  3'jC  TO 

ANGLE  IN  DEGREES 


Figure  A1  -  CIRCUMFERENTIAL  DISTRIBUTION  OF  THE  LONGITUDINAL,  TANCENTTAT  AND 
RADIAL  VELOCITY  COMPONENT  RATIOS  -  RADIUS  RATIO  =  0.35: 

EXPERIMENT  1 


TRIMMED  1.5  FEET  BY  THE  STERN,  DISPLACEMENT  27,380  TONS 


V  X/ 


<10  C  tO  40  rC  ”0  !  OC  !20  !  4  C  'SC  !r0  cCC  <.<0  1 4  C  <  -0  4°0  .’00  *<.0  40  0 

RNGI  c  I N  C;.rpru  ., 

Figure  A2  -  CIRCUMFERENTIAL  DISTRIBUTION  OF  THE  LONGITUDINAL,  TANGENTIAL  AND 
RADIAL  VELOCITY  COMPONENT  RATIOS  -  RADIUS  RATIO  -  0.550 

EXPERIMENT  ] 


TRIMMED  1.5  FEET  BY  THE  STERN,  DISPLACEMENT  27,380  TONS 


A/XA  A / 1 A  Av  HA 


Figure  A3  -  CIRCUMFERENTIAL  DISTRIBUTION  OF  THE  LONGITUDINAL,  TANGENTIAL  AND 
RADIAL  VELOCITY  COMPONENT  RATIOS  -  RADIUS  RATIO  =  0,77<* 

EXPERIMENT  1 


TRIMMED  1.5  FF.ET  BY  THE  STERN,  DISPLAGEMF.NT  27,380  TONS 


30 


Figure  A4  -  CIRCUMFERENTIAL  DISTRIBUTION  OF  THE  LONGITUDINAL,  TANGENTIAL  AND 
RADIAL  VELOCITY  COMPONENT  RAIIOS  -  RADIUS  RATIO  =  I  .0L7 

EXPERIMENT  I 


TRIMMED  1.5  FEET  BY  THE  STERN,  DISPLACEMENT  27,3 


TONS 


/  X  A  A  /  i  A  A  / 'd  A 


ANG(  h  !N  DtrritL 


Figure  A5  -  CIRCUMFERENTIAL  DISTRIBUTION  OF  THE  LONGITUDINAL,  TANGENTIAL  AND 
RADIAL  VELOCITY  COMPONENT  RATIOS  -  RADIUS  RATIO  =  1.178 

EXPERIMENT  1 


1 


TRIMMED  1.5  FEET  BY  THE  STERN,  DISPLACEMENT  27,110  TONS 


XBflR 


0.3  0.4  0.6  0.6  0.7  0.8  0.9  1.0  1.1  1.2  1.3 

RADIUS  RATIO,  DIAM.=  21  It 

Figure  A6  -  RADIAL  DISTRIBUTION  OF  THE  MEAN  VELOCITY  COMPONENT  RATIOS 

EXPERIMENT  1 


TRT'iMF.D  1.5  FEET  BY  THE  STERN,  DISPLACEMENT  27,380  TONS 
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O  □  A  EXPERIMENTAL  RADII 
X  INTERPOLATED  RADII' 


AT  THE  EXPERIMENTAL  RADII 
EXPERIMENT  1 
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Table  A4  -  HARMONIC  ANALYSIS  OF  TANGENTIAL  VELOCITY  COMPONENT  RATIOS 

AT  THE  EXPERIMENTAL  RADII 
EXPERIMENT  1 
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APPENDIX  B 

RESULTS  OF  EXPERIMENT  2 

Corresponding  to 

Trim  1.5  ft  (0.457  m)  by  the  Stern 
Displacement  26,380  Tons  (26,810  tonnes) 
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Figure  B2  -  CIRCUMFERENTIAL  DISTRIBUTION  OF  THE  LONGITUDINAL,  TANGENTIAL  AND 
RADIAL  VELOCITY  COMPONENT  RATIOS  -  RADIUS  RATIO  =  0.556 

EXPERIMENT  2 


TRIMMED  1.5  FEET  BY  THE  STERN,  DISPLACEMENT  26,590  TONS 


Figure  B3  -  CIRCUMFERENTIAL  DISTRIBUTION  OF  THE  LONCITmiNAI. ,  TANCF.NTTA1.  AND 
RADIAL  VELOCITY  COMPONENT  RATIOS  -  RADIUS  RATIO  =  0.774 

EXPERIMENT  2 


TRIMMED  1.5  FEET  BY  THE  STERN,  DISPLACEMENT  20,3  0  TONS 
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Table  B4  -  HARMONIC  ANALYSIS  OF  TANGENTIAL  VELOCITY  COMPONENT  RATIOS 
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APPENDIX  C 

RESULTS  OF  EXPERIMENT  3 

Corresponding  to 

Trim  1.0  ft  (0.305  m)  by  the  Bow 
Displacement  26,390  Tons  (26,810  tonnes) 
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APPENDIX  D 

RESULTS  OF  EXPERIMENT  4 
Corresponding  to 

Trim  3.5  ft  (1.067  m)  by  the  Bow 
Displacement  26,390  Tons  (26,810  tonnes) 
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Figure  1)5  -  CIRCUMFERENTIAL  DISTRIBUTION  OF  THE  LONOITUPTNAL,  TANCF.NTI  AT.  AND 
RADIAL  VELOCITY  COMPONENT  RATIOS  -  RADIUS  RATTO  =  1.178 

EXPERIMENT  4 
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Table  D 2  -  HARMONIC'  ANALYSIS  OF  LONGITUDINAL  VELOCITY  COMPONENT  RATIOS 

AT  THE  EXPERIMENTAL  RADII 
EXPERIMENT  4 
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Table  D3  -  HARMONIC  ANALYSIS  OF  LONGITUDINAL  VELOCITY  COMPONENT  RATIOS 

AT  THE  INTERPOLATED  RADII 


Table  D4  -  HARMONIC  ANALYSIS  OF  TANGENTIAL  VELOCITY  COMPONENT  RATIOS 

AT  THE  EXPERIMENTAL  RATIOS 
EXPERIMENT  4 


Table  D5  -  HARMONIC  ANALYSIS  OF  TANGENTIAL  VELOCITY  COMPONENT  RATIOS 

AT  THE  INTERPOLATED  RADII 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

1.  DTNSRDC  REPORTS,  A  FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
NICAL  VALUE.  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEiR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS,  A  SEMIFORMAL  SERIES,  CONTAIN  INFORMATION  OF  A  PRELIM 
INARY,  TEMPORARY.  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INIEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN 
TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THF  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE  BY  CASE 
BASIS. 
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